(Received for publication, July 20, 1950) Bound gamma globulin has been found in a significant proportion of rheumatic auricular appendages within myofibers, interstitial connective tissue, and vessel walls (1). These involved sites usually gave evidence also of tissue alteration as indicated by enhanced affinity for eosin, increased reactivity with the periodic-acid Schiff stain, and marked metachromasia with tolnidine blue. The nature of these deposits of gamma globulin, i.e., whether immune or non-lmmune, was unknown. The hypothesis that they might be related to autoimmune factors reactive with constituents of heart tissue led to the present investigation of serologic reactions with heart tissue by use of hnmunofluorescent methods.
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AUTOIMMUNE BODIES TO HEART organs were said to be serologically inactive. Cavelti (3) in 1945 demonstrated agglutinins for collodion particles coated with saline extracts from normal (non-rheumatic) heart tissue in sera of 27 of 36 patients with acute rheumatic fever, one of 12 normal individuals, and one of 84 non-rheumatic patients. Extracts from only one of four hearts tested gave "strongly positive results" in these serologic reactions (4) . Agglutinins were present in the "early and most active stages and disappeared when the rheumatic process became inactive." Fischel and Pauli (5) failed to confirm the work of Brockmann and associates and noted only infrequent reactions by the collodion particle technique. Rejholec and Wagner (6) in 1955 observed collodion particle agglutination with sera of 6 of 8 patients with rheumatic fever, a small number of patients with acute tonsillitis, rheumatoid arthritis, and glomerulonephritis, and occasionally with sera of normal individuals. Osler, Hardy, and Sharp (7) in 1954 described complement-fixation reactions with alcoholic extracts of human heart tissue. Of 259 cases of rheumatic fever or rheumatic heart disease, 117, or 45 per cent, gave positive reactions; while of a miscellaneous group of pathologic sera, 54, or 21 per cent, were positive. Positively reacting sera showed no fixation of complement when tested with beef heart cardiolipin. Butler and Moechlin (8) and Steffen (9) , employing the antiglobulin consumption technique with lyophilized normal heart tissue as antigen, obtained positive tests in a small number of patients with rheumatic fever and rheumatoid arthritis.
In the present work, serologic reactivity with heart tissue was tested by the indirect immunofluorescent method. Serologic reactions were observed in rheumatic and other diseases due to presumptive autoimmune bodies. They were differentiated from immunofluorescent reactions due to blood group isoimmune and Wassermann antibodies. The histologic distribution of serologically active constituents of heart tissue was then compared with the distribution of bound gamma globulin in rheumatic auricular appendages.
Materials and Methods
Heart Tissue.--Tissue specimens were obtained at the time of cardiac surgery from auricular biopsies of patients with rheumatic and congenital heart disease. Tissue was also obtained at postmortem from hearts of patients with and without rheumatic valvular lesions. Tissues were cut in 1 cm. blocks, quick-frozen in CO~-alcohol mixture, and stored in a deep-freeze at -30°C. until sectioned in a cryostat.
Serum Specimens.--Sera were harvested with sterile technique and stored within 24 hours of collection in the frozen state at --20°C. Prompt freezing was considered important, since standing at refrigerator temperature for longer than 2 to 3 days was noted in some instances to be associated with reduction of serologic activity. Repeated freezing and thawing was avoided by redistributing serum in small aliquots following initial tests.
Sera were collected from patients with acute rheumatic fever, rheumatic heart disease, acute myocardial infarction, connective tissue disease, and liver disease, as well as from patients with various acute and chronic diseases in a general hospital population. 1 For the detection of specific blood group substances A and B in tissues, commerical hyperimmune human sera used for blood grouping were employed. 2 Specimens of Wassermann-and I-Iinton-posltive sera were supplied by the Diagnostic Laboratories, Commonwealth of Massachusetts Department of Public Health, immediately after serodiagnostic tests were completed. 3 Antisera to human and beef cardiolipin which had been prepared in rabbits following active immunization with specific cardiollpin-Wassermann antibody floccules were generously contributed by Dr. A. G. Osier (10) .
Fluorescent Antisora and Imraunofluorescent Staining.--Serologic reactions with heart tissue sections were carried out as described previously (11) by an indirect immunofluorescent method with fluorescent rabbit anti-human gamma giobulin (anti-HGG) as reagent. This anti-HGG serum was prepared with a highly purified fraction of human gamma globulin (Lot ILG-OLI), 4 as described in the foregoing paper (1) . This serum yielded a single band in Ouchterlony diffusion plates when tested against normal human serum.
The demonstration by Franklin and Kunkel (12) and Korugold and Van Leeuwen (13) that 19S gamma giohiflins exhibit an immunologic specificity characteristic of this molecular species made possible detection of serologic reactions due to 19S gamma globulins by an indirect immunofluorescent method using conjugated antiserum specific for 19S gamma globulin. This antiserum was prepared by immunization of rabbits with the 19S gamma globulin fraction s from the serum of a patient with Waldenstrom's macrogiobulinemia. The immunization course consisted of three monthly intradermal injections of antigen in Frennd's complete adjuvant in the four foot-pads of rabbits, the total dose for eachrabbit being0.6 rag. protein. After absorption with 7S gamma globulin, this antiserum, in agar diffusion against normal human serum, yielded a single convex band giving a pattern of identity with the pathologic macroglobulin used for injection. The globulin fraction from this antiserum, after absorption with ?S gamma globulin, was labelled with fluorescein isothiocyanate (14, 15) . Immunofluorescard specificity of this anti-19S gamraa globulin conjugate was shown as follows:
Paired mice were injected intravenously with 2.0 rag. of purified ?S gamma globulin and 19S Waldenstrom macroglobulin, respectively, and sacrificed 4 hours later. After fixing in ethanol, sections of spleen and liver from these animals were stained with the above conjugate. Fluorescent Staining Of antigen by the anti-19S gamma globulin conjugate was observed in the organs from mice injected with 19S gamma globulin, but not in those from animals injected with 7S material. However, the antigen in both pairs of mice was reactive with the anti-HGG conjugate. These latter results could be interpreted as resulting from cross-reactivity of 7S and 19S (12, 13) or, alternatively, from presence of antibodies to both species of gamma globulin in the anti-HGG conjugate.
Fluorescent conjugates were freed of non-specific staining properties by absorption with acetone-precipitated mouse organ powder (14, 11) . The staining procedure was as follows: Sections were immersed in acetone for 20 minutes at room temperature and dried in an air incubator at 37°C. for 20 minutes. To the dry sections, two drops of serum were applied for 1 hour in a moist chamber. Mter washing for 10 minutes in two changes of saline buffer (0.01 phosphate, pH 7.2), the sections were next exposed to two drops of anti-human gamma globulin conjugate for 1 hour. The slides were again washed as above and finally mounted in glycerol buffer. Use of unfixed washed sections gave identical staining results but were technically less favorable due to artefacts.
The ultraviolet light source employed was an Osram HBO-200 lamp in a Zeiss housing equipped as described previously (1) .
Compl~nent-Fixation Reaction with Alcoholic Extract of Heart as Antigen.--Alcoholic extract of human heart was prepared as described by Osier and associates (7) with minor modifications. Fresh postmortem normal or rheumatic heart tissue found deficient in blood group A and B substances by immunofluorescent tests was minced with a scissors in cold saline, homogenized in a chilled Waring blendor, and lyophilized to dryness from a 50 per cent suspension (v/v) in saline. The resulting tissue powder was stored in the deep freeze. A 1 to 2 gin. aliquot was extracted with absolute ethanol (20 ml./gm, tissue) with constant shaking at room temperature for 24 hours, the mixture centrifuged at 2,500 R.P.~. for 20 minutes, and the supernatant solution passed through a sintered glass filter (M). Extraction for shorter periods, i.e. 2 to 4 hours, also yielded effective antigen. Cholesterol (Bacto) was added at a concentration of 6 mg. per ml., and the extract stored at room temperature protected from light. Complement-fixation tests were carried out as described by Osier and associates (7), with incubation for 90 minutes at 37°C. in the presence of 5 Cff-I~ units of guinea pig complement. Occasionally 4 C~Hs0 units were employed for greater sensitivity. Complete absence of hemolysis was taken as the endpoint of titration.
Flocculation Reaction with Alcoholic Extract of Heart.--A flocculation technique was devised using latex particles 6 in suspension with cholestrinized alcohofic extract of heart as the test antigen. An alcoholic suspension of latex particles was prepared by adding 0.5 ml. of commercial latex suspension (11 per cent) to 4.5 ml. absolute ethanol and filtering through Whatman No. 2 paper. "Sensitized" particles were prepared by adding 0.5 ml. of freshly prepared cholestrinized alcoholic extract of heart as described above to 0.15 ml. of alcoholic latex suspension. The mixture was allowed to stand at room temperature for 15 minutes, and 9.35 ml. borate buffer, pH 8.2 (0.01 ~ borate in 0.85 per cent NaC1) slowly added with continuous stirring to give the final sensitized latex suspension. Inactivation of test sera at 56°C., 30 minutes, was found to diminish serologic reactivity slightly. In the performance of the test, sera, not heated prior to test, were diluted serially from 1/~ to ~8 in 0.2 ml. amounts with borate buffer, and 0.2 ml. sensitized latex suspension added. Mter shaking vigorously for 2 minutes, the tubes were incubated at 37°C. for ~ hour, and then centrifuged at 2,000 R.p.ra. for 2 minutes. Agglutination of latex particles was read with a concave mirror after tapping each tube gently to resuspend the sedimented button.
Absorption of Sera with Alcoholic Extract of lteart.--A fresh alcoholic extract of heart tissue powder was prepared as described above, to which 9 mg./ml, cholesterol and 2 mg./ml, lecithin 7 were added. To a screw-cap tube containing 0.8 ml. phosphate-buffered saline, pH 6.0 8 Polystyrene latex, 0.81 micra, supplied by Dow Chemical Co., Midland, Michigan, as a suspension containing 11 per cent solid material.
7 Egg yolk or beef heart lecithin supplied by Sylvana Chemical Co., Orange, New Jersey.
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(17), 1.0 ml. of the extract was added dropwise with rotation of the tube. The resultant milky suspension was made up to 10.0 ml. with buffer, the tube capped, and the mixture shaken vigorously. This light suspension was transferred to a lusteroid tube, centrifuged in the cold at 8,000 R.P.M. for 30 minutes, and the supernatant fluid discarded. To the sediment, 0.2 ml. serum was added, the mixture shaken continuously for 2 hours at room temperature, and placed overnight in the cold. The serum was best separated from flocculated fatty material by centrifugation in large capillary tubes, 2 X 100 ram. The mixture was taken up in these tubes with the aid of tiny rubber bulbs, the tubes sealed at one end and centrifuged in the cold at 8,000 R.P.M. for 30 minutes. The fatty layer which appeared above the column of clear serum was removed by breaking away the upper portion of the tube after nicking with a file just below the serum-fatty layer interface. With the top of the capillary sealed by finger pressure, the sediment was next separated by similarly breaking away the lower portion of the tube. The clear column of serum was then collected. Sera before and after absorption were tested by immunofluorescent and flocculation tests.
Serologic Tests with Cardiolipin Antigen.--Complement-fixation tests with cardiolipin anti-
gen, microflocculation tests with VDRL antigen, and absorption of Wassermann antibody with beef cardiolipin (VDRL antigen) were performed as described in a previous report (18) .
A bsorption of Isoantibodies to A and B Blood Group Substances.--Absorbents employed for
this purpose include packed human erythrocytes, packed heart tissue homogenate known to contain blood group substance, saliva from the tissue donors, and partially purified blood group A and B substances, s Heat-inactivated serum was mixed with ~ volume of packed washed erythrocytes, incubated for 1 hour at 37°C., and the serum removed after centrifugation. A second and rarely a third absorption was necessary, as indicated by residual agglutinating and immunofluorescent reactivity. The heart tissue used for absorption tests was first minced in saline, washed free of blood by decantation, and homogenized in a Potter-Elvehjem grinder. After washing twice with saline, the tissue homogenate was redistributed in lusteroid tubes and packed by centrifuging at 8,000 R.P.M. for 30 minutes to yidd aliquots of 0~2 to 0.3 mi. packed tissue per tube. To each aliquot was added one volume of test serum and one volume of saline. The mixture was stirred thoroughly and incubated for 2 hours at 37°C. with frequent mixing, and the serum subsequently separated by centrifugation at 10,000 R.P.M. for 30 minutes. Inhibition tests with saliva were carried out by mixing 0.2 ml. of serum with 0.2 ml. of saliva for 2 hours at 37°C. Inhibition tests with purified blood group substances were similarly carried out using a 0.1 per cent concentration of substance in saline solution. 
RESULTs

Immunofluorescent Reactions with Blood Group
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AUTOIM.MUNE BODIES TO HEART heart tissue homogenate containing homologous blood group antigen and also by inhibition tests with purified blood group substance or saliva from "secretors."
A preliminary survey of randomly selected sera for immunofluorescent reaction with tissue containing A or B isoantigens was carried out to estimate the frequency with which such reactions might be encountered in routine serologic studies. Of 200 sera tested against heart tissue containing A substance, only 8 exhibited specific staining reactions, confirmed by specific inhibition with purified A substance. Staining of B substance in heart was not encountered in these sera and was rarely observed, in general, in subsequent work. This low frequency of isoimmune reactions was attributable, in all probability, both to the low titer of isoantibodies in the population (cf. 19) and to the limited sensitivity of the immunofluorescent method. Tests of these 200 sera against heart tissue of blood group O individuals showed no evidence of histoimmunochemical staining resembling that of blood group substances. Accordingly, heart tissue of blood group 0 patients was used in all subsequent tests of pathologic sera for heart reactive factors.
Reaction of Wassermann-Positive Sera with Heart Tissue.--As illustrated in
Figs. 3 and 5, Wassermann-positive sera exhibited an intense reaction with myofibers. The staining pattern of myofibers was diffuse with slight accentuation of staining between myofibril bundles. Absorption of these sera with beef cardiolipin suppressed considerably the intensity of diffuse staining; however, such absorbed sera exhibited staining of a network between myofibrils as illustrated in Fig. 4 . Absorption of positively reacting sera with an homogenate of human heart abolished all of the staining reaction completely. Rabbit antisera to bovine and human cardlolipin confirmed the distribution of cardiolipin within myofibers, as illustrated in Fig. 6 .
A faint reaction with interstitial connective tissue was shown by some Wassermann-positive sera; however, specificity of this reaction for cardiolipin could not be established by absorption tests. Occasional sero-positive specimens also exhibited staining of nuclei, as illustrated in Fig. 5 .
Immunofluorescent Reactions with Sera from Rheumatic Patients.--
Sera from some patients with rheumatic fever, rheumatic heart disease, and certain other diseases (v/de infra) exhibited intense reactions with sections of heart tissue. In general, three histologic patterns of reaction were distinguished. The first involved staining primarily of the subsarcolemmal rim of sarcoplasm with a fainter mottled reaction of remaining sarcoplasm, as is illustrated in Figs. 7, 9, 11, and 12. This reactionpattern was termed subsarcolemmal-sarcoplasmic. A second pattern of reaction showed staining distributed between myofibrils and at the myofiber edge, as illustrated in Figs. 8 and 13. This latter reaction was termed intermyofibrillar. The third showed a homogeneous staining of myofibers which resembled the reaction of Wassermann-positive sera as described previously. This latter pattern was termed diffuse-sarcoplasmic and is illustrated in Fig. 10 . These sera, as well as those giving the other staining patterns were, in general, not found reactive with cardiolipin antigen by complementfixation or by the VDRL microflocculation test, nor was their reactivity abolished following absorption with cardiolipin antigen. All three patterns of reaction were observed among sera tested with both homologous and autologous heart tissue. Both rheumatic and non-rheumatic hearts exhibited comparable reactivity. Occasionally, mixed types 
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* The same heart was used for preparation of alcoholic extract and tissue sections. Immunofluorescent reaction graded from 0 to ++-t-++. Patterns of reaction denoted as fonows: D, diffuse sarcoplasmic; S, subsarcolemmal-sarcoplasmic; I, intermyofibrillar.
Positive complement-fixation also given with cardiolipin antigen. The remaining sera gave negative reactions with this antigen.
of reactive patterns with dements of two or all three types were encountered. Certain sera exhibited weak reactions with constituents of connective tissue or vessel walls. These staining properties were not associated consistently with any of the three sarcoplasmic-reactive patterns described above.
Immunofluorescent staining of all three sarcoplasmic patterns was abolished by immersion of tissue sections in ethanol or chloroform-methanol prior to staining. Acetone or ether had little or no effect. These observations indicated that the reactants were alcohol-soluble, and suggested that serologic tests with alcoholic extracts of heart as antigen might be used to confirm the immunofluorescent findings. Both complementfixation and flocculation tests were carried out with sera reactive by immunofluorescent tests. Sera exhibiting subsarcolemmal-sarcoplasmic or diffuse sarcoplasmic patterns of reaction with heart muscle frequently demonstrated fixation of complement with alco- * The same heart was used for preparation of alcoholic extract and ti~ue sections. holic extract of heart as antigen, as shown in Table I . However, other sera with intense immunofluorescent reactivity, particularly those exhibiting an intermyofibrillar pattern, were found non-reactive by complement-fixation.
In flocculation tests as demonstrated by agglutination of latex particles suspended in cholestrinized alcoholic extract of heart, positive reactions were given by most sera reactive by immunofluorescence independent of the pattern of staining (Table H) . Absorption of such sera with cholestrinized alcoholic extract of heart abolished both immunofluorescent and flocculating activities (Table III) . Absorption with heart tissue homogenate or with acetone-dried heart tissue powder gave similar results.
Serologic activity was not always correlated with immunofluorescent staining. Some sera without detectable immunofluorescent reactivity exhibited positive flocculation Tables I and II . These results suggested the presence in alcoholic extracts of heart of serologically active material unrelated to the sarcoplasmic reactants visualized by immunofluorescence. Immunofluorescent activity was also observed in a few sera in association with 195 gamma globulin. Of 50 sera found reactive with the anti-HGG conjugate, 6 exhibited a reaction also with anti-19S gamma globulin conjugate. The staining patterns attributable to 195 gamma globulin included subsarcolemmal-sarcoplasmic reactions in five cases and intermyofibrillar in one. The reaction due to 195 gamma globulin in the serum of a patient with acute rheumatic fever is illustrated in Fig. 12 .
Frequency Distribution of Sarcoplasmic Reactive Factors in Rheumatic Fever, Rheumatic Heart Disease, and in Certain Other Diseases of Connective Tissue.-
These sarcoplasmic reactive factors were not found specific for rheumatic fever or rheumatic heart disease, but were noted also in rheumatoid arthritis, disseminated lupus, liver disease, and to a lesser extent, in other disorders. The frequency distribution of the three sarcoplasmic factors in various conditions studied is given in Table IV . The diffuse sarcoplasmic pattern was the P.tio~t AUTOIMMUNE BODIES TO HEART most frequently encountered in these disorders, but was also seen in many non-rheumatic, infectious, and parenchymatous diseases. Subsarcolemmal and intermyofibrillar reactive factors, on the other hand, were noted relatively infrequently in disorders other than connective tissue diseases and liver disease. If only these latter two serologic tests be considered, it will be seen that in * The same heart was used for tissue sections and for preparation of the alcoholic extract. Serum specimens were obtained 0 to 5 days before and 11 to 14 days after surgery.
acute rheumatic fever, 10 of 40 patients, or 25 per cent gave positive reactions in one or more sera tested (Table IV) . In these cases, positive tests were observed particularly in the early and more active phases of the disease, and usually became negative during convalescence. Of 79 patients with rheumatic heart disease who came to cardiac surgery and were judged clinically inactive, 17, or 21.5 per cent, gave positive tests for either of the two reactions. The highest frequency in the survey was in a group of 45 rheumatic patients tested subsequent to cardiac surgery. In this group, 35, or 77.8 per cent showed reactions of either type. As shown in the stainserum factors. Paired sera were collected prior to and 2 weeks after surgery and examined simultaneously for reactivity against heart by both immunofluorescent and flocculation reactions. The results, illustrated in the case of 7 rheumatic patients in Table V , demonstrated development of or increase in reactivity of postsurgical sera by both serologic techniques. Tests of pre-and postsurgical serum specimens with a,adogou, tissue sections obtained from auricular biopsy material gave similar results. As shown in 19. The striking intensity of immunofluorescent reaction developing 2 weeks postcardiotomy is apparent. These heart-reactive factors were observed to persist for at least 4 weeks; persistence beyond this period was not pursued in this phase of the work.
Serologic Reactivity Following Cardiac and Thoracic Surgery and Acute
Myocardial Infarction.--Sarcoplasmic reactive factors were found elaborated also in certain non-rheumatic patients subjected to cardiac or thoracic surgery and in a few patients following acute myocardial infarction. As shown in Table VII , appearance of these serum factors was observed in 2 of 5 patients posteardiotomy, 5 of 6 patients postthoracotomy, and 2 of 7 patients following acute myocardial infarction. Reactive patterns of all three types were encountered. The changes in immunofluorescent reactivity observed in these three conditions are illustrated in Figs. 20 to 25 , respectively. It was of interest that sera collected prior to surgery from 2 patients with pulmonary tuberculosis exhibited nuclear reactive factors which were not present in the postsurgical specimens, as noted in Table VII . DISCUSSION The present work has employed an immunofluorescent method for the detection of autoimmune globulins reactive with constituents of human heart tissue, and has differentiated such reactive globulins from blood group isoimmune and Wassermann antibodies. Certain pathologic sera frequently exhibited reactions with constituents of myofibers variously distributed in the cell; however, none of the serologic reactions observed was specifically related to rheumatic fever. Positive reactions were observed with varying frequency in sera of patients with rheumatic fever, inactive rheumatic heart disease, rheumatoid arthritis, systemic lupus, chronic liver disease, and in certain other conditions. They occurred most frequently in patients with rheumatic heart disease approximately 2 weeks following cardiac surgery. In these cases, reactions with au~ologous heart tissue from auricular appendage material was demonstrated. Development of serologic reactivity with heart was noted also in some non-rheumatic patients following cardiotomy, thoracotomy, and acute myocardial infarction.
The properties of these serum factors were consistent with those of immune bodies. They were detected as gamma globulins including 19S-related material by the indirect staining procedure. The sera found reactive by immunofluorescence also exhibited flocculation reactions, and in some cases, positive complement-fixation tests with alcoholic extract of heart as antigen. Serologic activity could be absorbed with alcoholic extract of heart. In many individuals, these serum factors first appeared or became increased in titer 1 to 2 weeks following cardiac surgery, thoracotomy, or acute myocardial infarction, and persisted for at least several weeks longer. No relationship to C-reactive protein tests was noted. These points are consistent with an immunologic response rather than with an acute phase reaction. It seems probable that the evocative agent in these cases was endogenous tissue antigen released as a result of surgery or tissue damage.
The conditions responsible for evoking such serum factors in disease are less apparent than in surgery. While tissue damage in rheumatic heart disease might perhaps be considered as a source of endogenous antigen, the evocative 30 AUTO~U~ BODIES TO HEART agent in rheumatoid arthritis or liver disease is unknown. Immunologic relationship between antigens of heart muscle and striated muscle of skeletal system was suggested by parallel staining properties and absorption tests of reactive sera with both tissues. A relationship with other organs tested including lung, liver, spleen, kidney, and skin could not be demonstrated (20) . The present immunofluorescent studies confirm the previous observations of Osler and associates (7) with complement-fixation tests, Rejholec and Wagner (6) with collodion particle agglutination, and Butler and Moechlin (8) and Steffen (9) , with antiglobnlin consumption tests, that such serologic reactions with heart are not specific for rheumatic fever. These results thus stand in opposition to the claims of specificity by Brockmann and colleagues (2) and Cavelti (3) . It would seem, however, that until the identities of the antigen or antigens employed in the above tests are known, direct comparison of these different serologic results probably has limited significance.
The concept of autoantibodies to heart obtains little support from published experimental work. Cavelti (21) first reported production of such presumptive autoantibodies following injection of rats with homogenized rat heart tissue and killed group A streptococci. Cardiac lesions were described which involved interstitial connective tissue but not myofibers, unless the latter were involved by contiguous lesions (22) . This work has not been confirmed. Frick (23) , in 1951, described complement-fixing antibodies to heart in 3 of 11 rats injected with rat heart tissue in Freund's adjuvant plus tuberculin. Several of the rats so injected exhibited cardiac lesions characterized by hemorrhage and focal myocardial necrosis. This work has also not been confirmed. Other workers have described similar experiments evocative of cardiac lesions but without immunologic data (24, 25) . In recent work from this laboratory (11, 18) , antibodies reactive with autologous heart were produced in rabbits immunized with heterologous heart tissue from beef or rat, as indicated by immunofluorescent and complement-fixation tests. The antigenic material was identified as an alcohol-soluble, immunologically cross-reactive constituent of mammalian cardiac muscle localized in myofiber sarcoplasm. Injection of fresh homologous heart tissue in Freund's adjuvant failed to produce these antibodies (20) .
It would appear from the foregoing that the case for experimental production of autoantibodies to heart cannot as yet be considered established. The results in experimental animals thus stand in contrast with frequent findings of presumptive autoimmune bodies to heart in man in clinical situations. It may be of relevance that in the present work heart reactive factors were observed most frequently in association with so called diseases of connective tissue and liver disease which often exhibit hyperglobulinemia or unusual serologic reactions. An abnormal state of immunologic responsiveness in these conditions may perhaps be a predisposing factor for production of heart-reactive factors in man.
The present work does not yield direct evidence of a pathogenetic role for these sarcoplasmic-reactive factors. One of the purposes of this study was to determine whether bound gamma globulin observed in 18 per cent of 100 au- 
* Graded by extent of distribution in myocardium within myofibers and interstitium. $ As determined with autologous heart tissue sections. Intensity of immunofluorescent staining graded from 0 to 5+. ricular biopsy specimens (1) was related to deposition of presumptive autoantibodies to heart. The sites of deposition of gamma globulin in these rheumatic hearts included myofibers, sarcolemma, interstitial connective tissue, and vessel walls. The present finding of serologic reactions against constituents of myofiber sarcoplasm in patients with rheumatic heart disease is consistent with the possible derivation of bound gamma globulin in myofibers from autoimmune factors. However, the bound gamma globulin observed in in-32 AUTOTMMUNE BODIES TO HEART terstitial connective tissue stroma and vessel walls cannot be explained by analogous serum factors. It is conceivable that circulating antigen-antibody complexes might be fixed in these latter sites; however, no evidence is available to support or deny this possibility. More direct experimental approaches to this problem such as tests of eluates from involved heart or use of immunofluorescent "sandwich" techniques may perhaps yield pertinent information.
Attempts to correlate presence of bound gamma globulin in auricular appendage material with serum content of sarcoplasmic-reactive factor also have not cast direct light on a possible relationship. As shown in Table VIII , some individuals with bound gamma globulin in auricular appendage tissue gave evidence of serologic activity with heart, as determined in presurgical serum specimens; others exhibited no serologic factor. Some patients without gamma globulin in auricular tissue exhibited intense serologic activity. However, in the face of such unanswered questions as the persistence of bound gamma globulin in heart, persistence of serum factors, and the mechanism responsible for altered permeability of myofibers permitting penetration by gamma globulin, the significance of the above data is difficult to assess.
The further consideration of the relationship of these serum factors to the postcommissurotomy (26-28), postinfarction (29) , or postcardiotomy (30) syndromes merits investigation inasmuch as other postulated explanations for these conditions, such as postsurgical hemorrhage, thrombosis, foreign body reaction, or infection, have not been established. In the present survey, for which clinical analysis is as yet incomplete, positively reactive sera have been observed in single cases each of postcommissurotomy and postinfarction syndromes. Since, as seems clear from the present survey, such autoantibodies may be observed in a variety of other conditions, the pathogenetic significance of positive serologic findings, as in the above two cases, is unknown. While association of autoimmune factors with these disorders may be consistent with participation of an autoimmune mechanism, a relationship of these factors to pathogenesis is not apparent.
SVM~ARY
Reactions of normal and pathologic sera with heart tissue have been investigated by the immunofluorescent method, with particular reference to presumptive autoantibodies to heart and their differentiation from blood group isoantibodies and Wassermann antibody. In the heart, blood group substances A and B were found distributed in capillary walls, vascular endothelium, and interstitial connective tissue. In surveys of randomly selected sera, isoimmune reactions against tissue blood group substances A and B were noted infrequently. This finding was considered related to the limited sensitivity of fluorescent antibody methods. Heart tissue from blood group 0 FIe,. 7. Section of left ventricle B1 from rheumatic patient stained with serum from patient Cha with rheumatic heart disease. Staining is concentrated in subsarcolemrnal sarcoplasm and is also distributed in a mottled pattern in remaining sarcoplasm. This pattern of staining is referred to as subsarcolemmal-sarcoplasmic. There is no reaction with interstitial connective tissue or vessels. The light or gray appearance of these elements is due to blue autofluorescence. 13 . Section of left auricle from rheumatic patient Gog stained with serum from patient Spi with rheumatic heart disease. Cross-sectional view of myofiber bundles at higher power illustrates the delicate intermyofibrillar distribution of staining and the brilliantly stained condensations at periphery of cell. X 400.
PLATE 7
FIGS. 14 to 16. Auricular sections from rheumatic patient Gas stained with autologous serum specimens obtained prior to surgery (Fig. 14) and 4 days (Fig. 15 ) and 13 days (Fig, 16 ) after cardiac surgery. These three sera were tested simultaneously and resulting immunofluorescent staining photographed and reproduced by identical techniques. Increase in reactivity is apparent. × 200.
FIGS. 17 to 19. Auricular sections from rheumatic patient Spi stained with presurgical serum (Fig. 17) , and with sera obtained 4 days (Fig. 18 ) and 14 days (Fig.  19 ) following cardiotomy. A striking increase in reactivity with autologous heart is demonstrated. × 200.
PLATE 8
FIGS. 20 and 21. Auricular sections from rheumatic patient Fot stained with preand 2 week postcardiotomy sera from patient Mor with congenital heart disease. The heart tissue contains blood group A substance which is visualized in capillaries and connective tissue by isoantibodies in the paired sera. The presurgical specimen shows no reaction with myofibers ( Fig. 20) , but a marked diffuse sarcoplasmic reaction is given by the postcardiotomy serum (Fig. 21) . 
